Ankle impingement syndromes are a commonly encountered clinical entity seen in athletes, secondary to repetitive forceful microtrauma. Symptoms are related to impingement of osseous or soft tissue abnormalities in the ankle joint, in particular the tibiotalar joint, which may result in painful limitation of ankle movements. Imaging modalities, such as radiographs and magnetic resonance imaging, are very useful in diagnosing osseous and soft tissue abnormalities seen in different types of ankle impingement syndromes. This article reviews the classification of ankle impingement syndromes, their etiology, and clinical and radiological findings.
Ankle impingement syndromes are chronic pathologic conditions that result in severe limitation of ankle movements secondary to osseous, ligamentous, or tendinous abnormalities in the ankle joint [1] . They are caused by mechanical entrapment of the soft tissues or osseous overgrowth such as spur or accessory ossicle when the ankle is in forceful dorsiflexion or plantar flexion. In the majority of patients, a clinical diagnosis of ankle impingement syndrome can usually be made, based on good history and thorough physical examination. Imaging modalities, such as radiographs, computed tomography (CT), and magnetic resonance imaging (MRI), are useful to help confirm the diagnosis of ankle impingement syndrome and exclude other causes of ankle pain that may mimic or coexist with ankle impingement syndromes. Radiographs are the initial imaging modality used to delineate the bony structures. CT is the best modality to show the appearance and morphology of bony structures. Although the role of ultrasound (US) is limited in ankle impingement syndromes, it can be applied to detect tendon abnormality and joint synovial thickening.
Ankle impingement syndromes are classified according to their anatomic locations in reference to the tibiotalar joint, namely: anterior, anterolateral, anteromedial, posterior, and posteromedial [2, 3] . The commonest types encountered in clinical practice are the anterior, anterolateral, and posterior ankle impingement syndromes. In this article we aim to illustrate the etiology, clinical, and radiological findings of each type of ankle impingement syndrome.
Anterior Ankle Impingement Syndrome
Anterior ankle impingement syndrome is a common cause of chronic anterior ankle pain, especially in athletes such as soccer players who are subject to repetitive forceful ankle dorsiflexion [4] . The typical symptom of anterior ankle impingement syndrome is a chronic anterior ankle pain with a history of repetitive ankle sprains. On physical examination, soft tissue swelling, focal tenderness on palpation in the anterior ankle joint, and limitation of ankle dorsiflexion are commonly detected [5, 6] .
Repetitive forceful ankle dorsiflexion can result in impaction-related microtrauma of the anterior chondral margin of the anterior tibiotalar joint. Eventually, fibrotic scar tissue forms in the anterior tibiotalar joint, followed by spur formation that is seen as a beaklike osseous outgrowth from the anterior margin of the tibial plafond and the talar neck. These osseous spurs are seen on a standard lateral radiograph of the ankle joint. A weight-bearing lateral radiograph with the ankle in maximum dorsiflexion demonstrates the opposing osseous spurs at the anterior margins of tibial plafond and talar neck impinging onto each other. In some cases, lateral radiograph may not show the bony abnormality well. Sagittal CT is then the best modality for assessing the anterior ankle impingement syndrome, as it delineates the bony structures on consecutive images well ( Figure 1 , A and B) [7] .
MRI of the ankle joint is useful in excluding other causes of pain that may clinically mimic anterior ankle impingement syndrome, such as occult stress fracture of the anterior aspect of distal tibia and osteochondral lesion of the medial talar dome [8, 9] . MRI is also useful in assessment of the degree of chondral damage and in detection of capsular thickening and synovial inflammation in the anterior tibiotalar joint ( Figure 2 , A and B). The chondral damage is best depicted on gradient echo images. The synovial inflammation is optimally seen on fat-suppressed T2-weighted and contrast-enhanced fat-suppressed T1-weighted images. Bone marrow oedema is uncommonly seen in the anterior ankle impingement syndrome [10, 11] .
Anterolateral Ankle Impingement Syndrome
Anterolateral ankle impingement syndrome is a relatively uncommon cause of chronic anterolateral ankle pain that is caused by abnormal hypertrophy of the soft tissues in the anterolateral recess [12] . The anterolateral recess is best seen on axial T1-weighted MR images ( Figure 3 ). It is triangular shaped, bounded posteriorly by the anterolateral tibia and talus, anteromedial fibula, and anteriorly by the joint capsule and the anterior tibiofibular and anterior talofibular ligaments [13, 14] Approximately 3% of ankle sprains lead to the anterolateral ankle impingement syndrome [7, 11] . Patients present with chronic pain, swelling, and focal tenderness in the anterolateral aspect of the ankle. Similar clinical features may be present in other entities such as peroneal tendon tear, sinus tarsi syndrome, stress fracture of the distal fibula, and intra-articular loose bodies in the anterolateral recess.
Anterolateral ankle impingement syndrome commonly occurs secondary to repetitive minor inversion injuries resulting in disruption of the anterior talofibular ligament or the inferior aspect of the anterior tibiofibular ligament, followed by capsular thickening, synovial inflammation, and eventually formation of abnormal fibrotic scar tissue in the anterolateral recess [14, 15] . In advanced cases, the fibrotic scar tissue is molded into a hyalinized meniscoid lesion, which was originally described by Cerezal et al [10] in 1950.
Anterolateral ankle impingement syndrome has also been described in individuals with an accessory fascicle of the inferior aspect of the anterior tibiofibular ligament. This accessory fascicle is multifascicular and extends from the anterior aspect of the lateral malleolus to the anterior aspect of the lateral tibial tubercle. It is a common normal variant found in about 21%-97% of individuals and was first described by Bassett et al [13] . The accessory fascicle of the inferior aspect of the anterior tibiofibular ligament may hypertrophy within the anterolateral recess after repetitive microtrauma, resulting in anterolateral ankle impingement syndrome [1, 7] .
Unlike the anterior ankle impingement syndrome, radiographs are unhelpful in the assessment of anterolateral ankle impingement syndrome due to the lack of bony component and predominant soft tissue changes in the anterolateral recess. The MRI findings of a fibrotic scar tissue or a meniscoid lesion in the anterolateral recess, distinct from the anterior talofibular ligament or the inferior aspect of the anterior tibiofibular ligament, suggest the diagnosis of anterolateral ankle impingement syndrome. The fibrotic scar tissue or the meniscoid lesion in the anterolateral recess is best seen on axial fat-suppressed T2-weighted and contrastenhanced fat-suppressed T1-weighted MR images, as an area of low-to-intermediate signal intensity with peripheral rim enhancement ( Figure 4 , A and B).
In rare cases, an accessory ossicle is seen as a rounded well-corticated bony fragment at the anterior aspect of the tip of lateral malleolus, and is termed the os subfibulare. It is found in 2% of individuals [16] . Os subfibulare can cause impingement on the anterior talofibular ligament, producing anterolateral ankle impingement ( Figure 5 , A and B). Similar to anterior ankle impingement syndrome, bone marrow oedema is uncommonly seen in the anterolateral ankle impingement syndrome [7, 12] .
Anteromedial Ankle Impingement Syndrome
Anteromedial ankle impingement syndrome is a rare cause of chronic ankle pain, which was initially thought to occur secondary to a pronation injury [17] . The underlying etiology is not well understood, but it could be secondary to a repetitive supination injury [7, 14] . Patients present with chronic pain in the anteromedial aspect of the ankle, associated with focal tenderness and swelling. Repetitive microtrauma results in capsular and synovial thickening seen anterior to the deep fibers of the deltoid ligament (tibiotalar ligament) ( Figure 3 ).
Unlike anterolateral ankle impingement, spur formation is an important finding in anteromedial ankle impingement. On the standard lateral radiograph of the ankle joint, the osseous spurs in the anteromedial aspects of the tibia and talus are usually not visible. However, an oblique radiograph of the ankle joint will help demonstrate the spurs in the anteromedial tibia and talus [14, 18] . The anteromedial ankle impingement can present with different appearances on MRI, such as thickening or a partially torn anterior deep fibers of deltoid ligament and a meniscoid lesion in the soft tissues anterior to the deep fibers of deltoid ligament. The thickened or partially torn anterior deep fibers of the deltoid ligament is best seen on coronal T1-weighted images as an area of loss of fat striation, and on coronal fat-suppressed T2-weighted images as abnormal high signal intensity in the deep fibers of deltoid ligament ( Figure 6 ). The meniscoid lesion can impinge on the anteromedial aspect of the talus, resulting in chondral lesion and spur formation [10, 19] . 
Posterior Ankle Impingement Syndrome
Posterior ankle impingement syndrome is a relatively common cause of posterior ankle pain, aggravated by repetitive forceful ankle plantar flexion in activities such as ballet dancing, jumping, and running [20] . In the plantar flexed position, impingement of the soft tissues or bony structures occurs between the posterior aspect of the tibial plafond and the superior surface of the calcaneal tuberosity [21, 22] . Patients present with deep posterior ankle pain, mainly on plantar flexion of the ankle. On physical examination, tenderness on deep palpation in the posterior aspect of the talus is demonstrated [4] .
Knowing the anatomy of the posterior aspect of the ankle is important in the posterior ankle impingement syndrome. The commonest causes are due to osseous structures such as os trigonum or Stieda process of the talus, which are normal variants in the posterior aspect of ankle. The os trigonum is a secondary ossification centre (accessory ossicle) and is found in about 15% of individuals [23] . The os trigonum is a wellcorticated triangular-shaped bony fragment located at the posterolateral aspect of the talus that is separated from the lateral tubercle of the talus by a synchondrosis. The Stieda process is a prominence of the posterior process of the lateral tubercle of talus that is in continuity with the posterior body of talus [24] .
Although both the os trigonum and the Stieda process of the talus can be seen on lateral radiographs, it is better seen on sagittal CT and sagittal T1-weighted MR images of the ankle joint. A lateral radiograph obtained with the ankle in maximum plantar flexion may show the os trigonum or the Stieda process of the talus impinged between the posterior aspect of the tibial plafond and the superior surface of the calcaneal tuberosity [20] . The os trigonum syndrome is the most common cause of posterior ankle impingement syndrome. Specific findings on MRI are bone marrow oedema in the os trigonum, fluid signal in the synchondrosis, and surrounding soft tissue oedema. These are best seen on sagittal T1-weighted images as an abnormal area of low signal intensity and on sagittal fat-suppressed T2-weighted images as an abnormal area of high signal intensity (Figure 7, A and  B) . Bone marrow oedema can also occur in the Stieda process of the talus with surrounding soft tissue oedema ( Figure 8, A and B) [25] .
Less common osseous pathologies, such as downward sloping of the posterior aspect of the tibial plafond and prominence of the superior surface of the calcaneal tuberosity, which are normal variants in the posterior aspect of ankle joint, can cause posterior ankle impingement syndrome during forceful plantar flexion of the ankle [4] . Soft tissue lesions such as synovial inflammation as well as thickening and fibrotic scar tissue in the posterior joint capsule of the tibiotalar joint may cause posterior ankle impingement syndrome during forceful plantar flexion of the ankle [26] .
Tendinous and ligamentous structures that can be involved in the posterior ankle impingement syndrome include the flexor hallucis longus tendon sheath, posterior intermalleolar ligament, posterior talofibular ligament, and posterior tibiofibular ligament. The flexor hallucis longus tendon is located in the groove between the medial and the lateral processes of the talus. In 20% of normal individuals, the flexor hallucis longus tendon sheath communicates with the ankle joint, so in a patient with an ankle joint effusion, a trace of fluid can normally be seen surrounding the flexor hallucis longus tendon sheath [27] . Tenosynovitis refers to an excessive amount of fluid within the flexor hallucis longus tendon sheath. This is best seen on axial fat-suppressed T2-weighted MR images (Figure 9 ). Thickening or abnormal high signal intensity of the posterior intermalleolar ligament or the posterior talofibular ligament is best seen on coronal and axial fat-suppressed T2weighted MR images, respectively. Similar to osseous impingement, the soft tissues can impinge between the posterior aspect of the tibial plafond and the superior surface of the calcaneal tuberosity, causing the posterior ankle impingement syndrome [12] . As there are many causes of posterior ankle pain, MRI is very useful in differentiating posterior ankle impingement syndrome from other causes of posterior ankle pain such as Achilles tendon pathology, retrocalcaneal bursitis, accessory soleus muscle, peroneal and tibialis posterior tendon pathology, tarsal tunnel syndrome, and Haglund's deformity [26] .
Posteromedial Ankle Impingement Syndrome
Posteromedial ankle impingement syndrome is rare, and the least encountered type of ankle impingement, both clinically and radiologically [14] . The underlying etiology is not well understood; however, it is hypothesized to be due to severe ankle inversion injury [3] . The structures commonly involved in posteromedial ankle impingement syndrome are the posterior deep fibers of the deltoid ligament and the posteromedial tibiotalar joint capsule. In severe ankle inversion injury, the posterior deep fibers of the deltoid ligament are contused and the posteromedial tibiotalar capsule is thickened. This is followed by inadequate healing of deltoid ligament, resulting in chronic inflammation and eventually formation of abnormal fibrotic scar tissue. This fibrotic scar tissue may lead to impingement between the medial margin of the talus and the posterior margin of the medial malleolus [7, 10, 11] .
Patients present with focal posteromedial tenderness on inversion, swelling, and pain between the medial margin of the talus and the posterior margin of the medial malleolus. It is very important to differentiate the posteromedial ankle impingement syndrome from tibialis posterior tendon abnormalities, as the tibialis posterior tendon is located in the groove of the posterior margin of medial malleolus. On physical examination, patients have pes planus and restricted ability to stand on tiptoe when there is tibialis posterior tendon abnormality [12] . In the posteromedial ankle impingement syndrome, the main MRI findings are loss of fat striation and abnormal high signal intensity within the posterior deep fibers of the deltoid ligament, best seen on coronal T1-weighted images and coronal fatsuppressed T2-weighted images ( Figure 10, A and B) . Posteromedial synovial and capsular thickening can also be seen. Bone marrow oedema is seen infrequently at the medial aspect of the talus and the posterior aspect of medial malleolus ( Figure 10C ).
Conclusion
Ankle impingement syndromes are usually diagnosed clinically, based on a good history and meticulous physical examination. Radiographs alone can confirm the diagnosis of anterior ankle impingement syndrome. MRI plays a very important role to confirm the diagnosis of ankle impingement syndromes, particularly those involving the anterolateral and posterior aspects, and to exclude other causes of ankle pain that may coexist or mimic ankle impingement syndrome.
